| INTRODUCTION
Gastric cancer (GC), one of the most common primary malignant cancers, is considered to be a leading cause for cancer related death worldwide 1 and the four most common types of cancer in China with the highest estimated mortality rates in Eastern Asia. 2 Since the most of GC patients are found in advanced stages when diagnosed, and also due to tumor invasion, metastasis, postoperative recurrence, and delayed detection of advanced stage, GC always has poorly prognosis with a high mortality rate. 3, 4 Although the treatment methods for GC have been developed for years, the mechanism for carcinogenesis is still unclear. It is thought that many genetic alterations, including upregulation of cancer-causing genes and downregulation of tumor-suppressor genes, are involved in the cancer development of GC. 5, 6 Besides, studies also found that the cross-talk between cancer cells and the tumor microenvironment plays a crucial role in tumorigenesis. 7 Tumor microenvironment, which is composed of many kinds of cells, such as carcinoma-associated fibroblasts (CAFs), infiltrating immune cells, and mesenchymal stem cells, can cause alteration in the phenotype of cancer cells and may also facilitate tumor metastasis. 8, 9 Researches on CAFs show that they are associated with many processes of tumor development, including tumor growth, vascularization, and metastasis. 10 As CAFs are considered to promote the invasion and migration of cancer cells, 11 the invasion and migration of CAFs themselves may also promote the cancer development, however the mechanism for how CAFs promote tumor progression is still unclear.
c-Ski is a kind of oncogene, which is thought to be involved in progression, cell proliferation, invasion and migration of several cancers.
12
A previous study showed that c-Ski could activate cancer-associated fibroblasts to regulate breast cancer cell invasion. 13 However, whether c-Ski can also influence CAFs in gastric cancer is unknown. In the present study, we aimed to investigate the effects of c-Ski on cell proliferation, invasion, and migration of gastric cancer associated fibroblasts.
This study may give deeper insights for relationship between c-Ski and CAFs, and the role of c-Ski in cancer development, and also provide some novel research targets for treatment of GC. 
| METHODS

| Cell culture
| Isolation and cell culture for CAFs in GC
Both CAFs and non-cancerous gastric fibroblasts (NGFs) were isolated as described elsewhere. 15 Briefly, Tissues were trimmed off fat and necrotic tissue, washed with PBS containing 100 U/mL penicillin and 100 mg/mL streptomycin (Sigma-Aldrich). Samples were then cut into small pieces, followed with digestion for 2 hours at 37 C in DMEM medium supplemented with 10% Gibco fetal bovine serum (FBS) and 0.5 mg/mL collagenase (Sigma-Aldrich) at 37 C and 5% CO 2 . The fibroblasts that initially grew in a monolayer were collected, transferred to another dish. Both CAFs and NFs were routinely cultured in DMEM containing 10% FBS at 37 C and 5% CO 2 before used for further experiments.
| Cell transfection
Cells at 70%90% confluence were transfected with pcDNA3.0-c-
(synthetized by GeneChem Corp., Shanghai, China) or negative control (NC) using the lipo6000 reagent (Beyotime Biotechnology, China) according to the manufacturer's instruction. The construction of pcDNA3.0-c-Ski was according to previous study. 16 The target 
| Measurement of invasion and migration
| Western blotting
Western blotting was used to test the expression of c-Ski, α-SMA, 
| Statistical analysis
The measurement data was expressed by mean ± SD. Comparison between two groups was performed using the Student t-test. Comparison among three or more groups was conducted using one-way analysis of variance (ANOVA). It was considered to be statistically significant when P-value was less than 0.05. All calculations were made using SPSS 18.0.
| RESULTS
| c-Ski was up-regulated in GC tissues and cells
The expression of c-Ski in both GC tissues and paracancerous tissues was determined using IHC assay. Results showed that expression of c-Ski in GC tissues was significantly higher with higher IHC scores compared with the paracancerous tissues (P < 0.05, Figure 1A ,B).
Besides, expression of c-Ski in GC tissues of diffuse type was the highest with the highest IHC scores, and was higher than that in the intestinal type tissues. Further experiments showed c-Ski was also upregulated in five different GC cell lines compared with the normal GES-1 cells (P < 0.05, Figure 2A,B) . These results showed that c-Ski was upregulated in both GC tissues and cell lines.
| c-Ski was upregulated in CAFs
Then we determined expression of c-Ski in both CAFs and NGFs by using real time quantitative PCR (RT-qPCR) and Western blotting. As shown in Figure 3A 
| Over-expressed c-ski inhibited Smad3 signaling pathway
Finally, we determined influence of c-Ski on Smad3 signaling pathway.
As shown in Figure 6 , expression of Smad3 was significantly upregu- 17 Recently, it was reported c-Ski could activate cancer-associated fibroblasts to regulate breast cancer cell invasion, 13 however, whether c-Ski can also influence CAFs in gastric cancer is unknown. In the present study, we for the first time demonstrated that over-expressed c-Ski could enhance cell viability, promote cell invasion and migration of GC CAFs, and the effects might be through regulation of Smad3 signaling.
c-Ski has been reported to be an oncogene, which is upregulated and plays a role in several cancers. Javelaud et al. demonstrated that high c-SKI/SnoN expression was found in human melanoma cells and was associated with efficient TGF-β/SMAD signaling. 18 A study reported that increased expression of c-Ski could be used as a corepressor in transforming growth factor-signaling in progression of esophageal squamous cell carcinoma. 19 In the present study, we found that c-Ski was overexpressed in both GC tissues and CAFs; we also for the first time demonstrated that c-Ski could also enhance cell viability and promote cell invasion and migration of CAFs, which was also consistent with other related studies. However, how these results will further influence the development of GC cells needs further studies to confirm.
Besides, we also demonstrated the Smad3 signaling was involved in the above process of CAFs. Relationship between Smad3 signaling and cancer development was reported in many studies. Han et al.
showed that loss of the Smad3 expression would increase the susceptibility to tumorigenicity in human gastric cancer. 20 Wang et al. demonstrated that oncogenic PAK4 could regulate Smad2/3 axis in the progression of gastric tumorigenesis. 21 The relationship between c-Ski and Smad3 signaling is also reported. A study by Li et al. showed c-Ski could inhibit the proliferation of vascular smooth muscle cells via suppressing Smad3 signaling. 22 Liu et al. demonstrated that c-Ski could promote while Smad3 suppressed rat skin fibroblast proliferation. 23 Our results were consistent with above published data, while our experiments were done with gastric cancer CAFs, which was novel. However, the present study also has some limitations. First the clinical significance of c-Ski in GC was unclear; second, the underlying detailed mechanisms for how c-Ski influence CAFs through Smad3 need further studies to confirm.
In conclusion, we conducted an in vitro study to investigate the effects of c-Ski on cell proliferation, invasion and migration of gastric cancer associated fibroblasts. Results showed that over-expressed c-Ski could enhance cell viability, promote cell invasion and migration of GC CAFs, and the effects might be through regulation of Smad3
signaling. This study may give deeper insights for relationship between c-Ski and CAFs, as well as role of c-Ski in cancer development, and also provide some novel research targets for treatment of GC.
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